LEGIBILITY NOTICE

A major purpose of the Techm-
cal Information Center is to provide
the broadest dissemination possi-
ble of. information contained In
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
- research discussed herein.

1



LA-UR-87-3177

P 7 -1

ON DESIGNING A CONTROL SYSTEM FOR A NEW GENERATION OF ACCELERATORS

LA-UR--87-3177

DE88 005R26
Stuart C. Schaller and havid E. Schultz

1987 EUROPHYSICS CONFERENCE

ON CONTROL SYSTEMS FOR EXPERIMENTAL PHYSICS
28 September -- 2 October 1987

Villars sur Ollon (VD), Switzerland

Thas o o guepnint of a paper intemimd for publhication an A , ' .
Joutnal or progeshngs, Beoaome changes may e made hetore : Y
publiatirn, thiy pregdint o nsude avatlabie wilh the uider

AL Tt ol e ettt e - “ Q)N /A\”( HNTIORS

lnuALmur;NnhnnnH;nunukny
L o4 Alamos, Now Moxico 876H45

A

LI

TR R LI N LS AL I L TR B AN dan e h -


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


ON DESTIGNING A CONTROL SYSTEM FOR A NEW GENERATION OF ACUCELERATORS®

S. C. Schaller and D. E.

Schultz, MP-1, Mail Stop HB10

Los Alamus National Lahoratory, Los Alamos, NM A7%45

Abstract

A well-conceived plan of attack is
vssential to the task of designing a control
system for a large accelerator. Several
agpects of such a plan have been
investigated during recent work at LAMPF on
design strateglies for ar Advanced Hadron
Facility control system, Aspects d!scussed
in this paper 1include: 1identification of
requirements, creation and enfurcement of
standards, interaction with users,
consideration of commercial controls
products, integration with existing control
systems, planning for continual change, and
establishment of design tevirws, We
emphasize the need for the controls group to
acquire and integrate accelerator design
information from the start of the design
process. We suqgest that a controls design
for a new generation of accelerators be done
with 8 new generation of software tools.

Introduction

This papet originated in discussions
concerning  control systems for the Advanced
Hadron Facility (AHF) curtently heing
investiqated as part of the work of the Los
Alamos meson Physics Facility (LAMPF).

Since actual implementation of an  AHF

rontrol system is several vyears in  the
future, our conce ns focused on the global
issues of ccntrol Rystems design,

particularly as they applied to particle
accelerators., We are well awate of the
futility of speculating on future hardware
technology. The exercise ot wiiting this
paper haa aelped to refine our ideas on
cont rol system design. We offer ow
insights for use by others who may be in a
similat situation.

Out backgtound includes experience with
hoth  the LAMPF and the Proton sStoraqe King
(PSR) control systoms. The LAMPF nystem [1)
design beqgan in the late 1960's, and the PHR
system (2] development began  independently
in 1978. nnth systems ate still in use and
evalving, The diffirulties we encountered
wirn we considered metqging the LAMPF and PSR
cont 1ol aystems painted out to us  vividly
the importance of rtandatdization  and
integration at the earlicst  pussible  point
In the desion process.

We :ecognize that ths contaiols  qroup
hae A qlobal teRpontibilaty for  the
functtoning of the aAccelegator  and  must
Acpiiee and contdinate antorration from all
the othe:r Avcelerator qroups o a- so0On A%
posaible,

We Alno tecogqnize the need to {nteqrate
aothet, traditionally nsoparate, Activities
Into the conttol system and to Jdo ko from
the beqinntng of the design processi, The
heam modeling process, in patticular, should
he  mede  an inteqral patl of an accelerator
tontral syatem,

¢ Work rupported hy the U5 Dept . of Lnelgy.,

We emphasize these design aspects 1n
the remainder of this paper. After briefly
describing the Advanced Hadron Facllity
accelerator proporals, we discuss some of
the important globai aspects of accelerator
control system desiyn. Our final section
deals with a possible approach to providing
the 1integration and unification that is
vital to the successful operation of a new
genetation of ac-elerators.

The Advanced Nadron Facility

As initially visualized [3), the
accelcrator for the Advanced Hadron
Facility, then known as LANFF II, was to use
the 800-Mev, 1-mA, '20-Hz LAMPF linac as an
injector to a 6-Gev, 144-mp, 60-Uz booster
synchrotron. The bnnster would then inject
beam into a 45-GrV, 12-uA, 1.33-H7z main
synchrotron with a 501t duty factor. The
facility was to be a kacn factory proeviding
an array of light hadronic probes to
investiqgate physical 1nqgimes beyond the
standard model and ‘o Aaddress the
quark/gluon frentinn .,

The cutrent AHF concept [4] is based on
r-owiding a combined kaon factory and a
sacond generation spallation neutron soutce.
The proposed accelerator plan is to
accelerate the LAMPF bram to 2 GeV using a
1.2-Gev supertconducting aftetburner linac,
This heam would then Le used to inject a
compressot ting (possibly five rings
operatiny at 12 Hz) whose output would drive
the spallaticn soulce. The output of the
superconducting afterburner would also be

used to inject the kaon factory
synchrotrons. The synchrotrons would most
likely include a 15-GeV bhooster and and a

60-GeV main .ing. An accumulator ring and a
stretche:. 1ing might a'so be necessaty.,

The final design of  the ANF will
undoubtedly tequite an evolving sequence of
accelerators, some built  and  commissioned
sepatately, but  all tequicting coordinated
timing and cantrols to operate succesnsfully,
succerrful  oprtation will not only include
delivering the promited beam enntqgies  and
intensities, but slro limiting leam losses,
which can result in unacceeptable  activation
levels in a high intensity acrelerator,  The
final design will alro most Jikely allow tot
porsible upqgiader to the acceleratorn in
both intennity and energy,

A biirf description of proposed conttol
ryntem havdwate for the AIF {n given in (1],
Sinee the accrjejatars making up the AN ate
rrxlensions t; rxiRting  technologe, they
present (few new hardware controles problemn.
The  ANE proposcl daes not, hodever, addienn
the problern of designing a control rystem.

Aspects of Continl System Deniygn

The contiolr group ik an otganization
that  looks at  the whole pleture, 10 45
untquely suited v, gealizing the fmportance
of finteqrating the varjous anpectr of the
accelepAatm derfgn. 1t han the
ieponithility ot providing  linkyn hotween
the operrator and the aceelerator hardware,



It also has respensibility for investiqguting
the entire accelerator environment when it
appears that one of these links has failed.
In thie section we discuss areas that must
be considered in producing a design fo: an
integrated accelerator control system.

Generic Control System Functionality

Control systems can be categoiized Ly
the levels of functionality they support.
An analysis done recently at Los prlamos [9]
identified the following seven levels needed
for a full, automated control system.

1. Data acquisition -- Data describing
t he nrocess state is  collerted
through the conttol system.

2. Supervisoty control -- The operator
can control remote devices through
the control system.

1. Model support -- A model o©f the
controlled ptocess 15 available fo1
designing the process and ton

testing
plocess.

proposed  changesn  to the

Coentinuous control Contircl loep.

ate closed  throualy the control
system to provide  steardly state
oprration.

T o~ - -

. Sequrntial  contrel The  contre]

system  can automatically gerform o
seties ¢f  actions to  change  the
state of the continlled process,

. Fault tecovery -- Sequential
conttol can be applied to automate
fault 1ecovery.

/. Optimization -- The contiol
can attempt Lo
contrtolled process by chanqing
continuous contiol Aand sequentijal
control parameters automatically.

System
optimize the

Curtent  a-celeraton
implement  at  least data acrqguitation  and
supeivisory contiaol  capabilitaien. Partiel
supputt  tot othet levelr 16 tometiues made
available, but often only {n a vety ad hoo
manner ., We helliesve that the AHI continl
system should provide support  tor  rach of
these Jrevels in an 1nteqrated system that
allows the capabilitien of the lavels ta he

cont ol nystems,

added 1n an evolutionary manner. while e
do not see an  absnlute  pequirement  fo
totally automated contiol for the AFF, 1t
seems clear that the necreasary hooks should
be present,

Model support 15 provided n
fvery accelerator control system, but
usually not in an integrated manner. Fot
example, at LAMPF a modeling progqram 1s run,
a number is printed out or =~ritten dowr, and
that number is later used to manually set a
magnet power supply or for some other
purpose. A state-onf-the-airt AHF control
system should provide uniform access to
nodeling software and modnl derived data.

neatiy

For many conirol systems, =ome amnunt
of continuous <control has beern added as an
afterthought as confidence grew in the
reliability and stabhility of the control
system and the data. An interesting
implementation of closed loop control can he
found in the Stanford Linear Collidey
control system [6]. The AHF contiol system
should also provide closed loop control  n
an inteqrated nanner.

Many machine optimizatycny o
underpt ot well enouqh to be performed 1n an
algorithmic fashion. Other ptimizatione
are done non-alqgoarithmically -~ fer exampls,
hy an operator tweaking a magnet to  qget
hetter performance. Representatinn and une
of this form of knowledge will probably
require some artificzial intelliqgence (AIM
capability. Some {nitial steps have heen
taken to lin' modeling with Al [(7,8].
Machine reas: 1ing has algu been found to he
of use in diagnosing malfunctions in complex

control systems [9]. Based on these
projected uses, we recemmend that some
support for eventually using Al

functionality be integrated into
control system from the beginning.

the ANF

Identifying Information Sources

The generic functlionality sprcified
abave  for the ANF control system qgives uy a
st - ting polnt for ldentitying the cantiol
Ky em  iequitements. The fitnt step in to
identify the information needed to  provide
the derired functions.

Table 1 (& a
row the
functiaon,

preliminaty attempt 1o
Iinformation requited hy each
Two hroad cateqorien are uned to

Information Fequized for Function:

. Fagquipment Informatjon
Goomet ty Opetat ion
Aveoy

Fanet fon:

Data Acguirition 4 b3
tupervinoey ot ¥ X
Model ing X X X X
continuous Ct] X X X X
Sequent ial ) )4 X X X
Fault Recovery X X X ¥
optamized ot X X X X
Table 1.

Faulte
vonstrarnt s

’ ¢ heam celated Informacion .
Design Orerating Optimization
Farameieors Parameters Patametogs,

x X

X

X X

X X X
b X X x

focoalerator Intoetmat bon Heeded 1oy Gopeyp o cantoaln Pane b aone



~lassify the information, Beam-related

information includes design parameters
obtained from modeling codes; operating
parameters obtained from experience

commissioning, tuning, and opervating the

facility; and optimization parameters which
come from expetiments exploring the
machine’s parametet space.

Equipment-specific information is that which
describes the details of individual devices
that make up the facillity. It includes
device geometty {both location and
configuration), the access mechanism and
address for acquiring data from and
controlling the device, operating
instructions, <constraints on using the
device, and device fault randling.

Once the required information is
identified, the next logical step 1is to
determine what activities will supply that
information.

Table 2 shows a list of eight
accelerator-telated Aactivities that produce
the information identified in Talkle 1. Note

that the beam design, commissioning, and
tuning activities all use modeling software
to aid understanding and preaict.on of beam
behavior, The tuninag activity alsn includes
accelerator physics experiments needed to
optimize beam parameters and to investigate
new operating modes. Note also that the
derign, installation, anrd commissioning
activities will be repeated whenever the ANF
ls upgiaded.

The importance of t he
installation, and tuning activities in
generating information of ntetest to the
control system is made abundantly clear by
Table 2. The control system must be able to
extract accclerator parameters arnetated in
each of these phases as well as the
accelerator parameters determined as part of
tuning the machine. Note that design
parameters (e.g., emittance) aLe not
necessarily the same as the related
commissioning or operating patamerters. This
distinction should be mainvalned within the
control system,

design,

cccurred recently at LAMPF. The operations
group had a request to accelerate the H+ to
less than the 800 MeV maximum energy of the
linac (an unusual operating mode for Hs+).
This {8 done by allowing the beam to drift
in the later portion of the linac, but no
one knew how to set the quadrupole magnets
in the drift region. Some searching
produced an old program listing containing
“magic” numbers for computing the quadrupole
settings. The computations were redone,
producing what we hope are the correct
values. It 1is possible that this exercise
could have been avoided If the relevant
design information had been integrated into
the control system.

The activities identified in Table 2
also point to the four major classes of
control system users. Note that a given
persorr may perform mots than one of thesge
roles.

0 Acceleratcr physicists
o Equipment engineers

o Operations statf

o Controls staff

The (information the wusets need and the
activit!es in which they are involved help
to identify the requirements they add to the
control system.

Accelerator physicists use the control
system to compare the actual and theoretical
behavior of the accelerator, using both
experimental data and the modeli:g software.
They are interested in the acceleraton
design, commissioning, and tuninna
activities. They want a flexible, efficient
control system with a simple and ccnsistent
operator interface. Recause of the long
intervals between tunes for most large
macnines, &n operator jinterface that is ecasy
to remember or releatn is particularly
valuable,.

An  example of the impe ttance nf Equipment enyinecetrs design, implement,
tecotding degign informataon in a and maintain the hardware thalt makes the
ronsistent, universally accesaable mannet accelerato: work, They use the contiol

Information Supplied by Activity:

d Equipmern intormation - C == Neam elated Informat Loa SN

Grometoy Upﬂln'l(H! ' taults Design Opetrating optimization
At ivity: Avtenn Constraints Parametern Patamenter sy Paramerte;
Neam Design X X
Equipment Design X X X X
Installation b4 R X
Commiknioning 4 b X X X
Tuning X X
Sutvelllence X X X X
Tiouble shooting X X X X
Maintenance X X X X X

Table . Accelerator Contiol System Informatfon Sou cex



system to monit..r and diagnose the hardware.
They often want hardware contsol at a remote
location and the ability to operate
subsystems independently.

The operators are concerned with all
aspects of running the accelerator:
commissioning, tuning, and production. They
need to he able to put the accelerator in a
known state and keep it there. They must
have rapid response to fault indications and
the support nf the control system in dealing
with them. They want a control system that
is efficient and has a consistent operator
interface. The rontrol system may also be
used by the operations staff for training
purposes.

The controls staff most often uses the
control system tn test software and to
diagnose system-wide problems. They need
access to all hardware and software levels
of the system.

Particle acceletatnrs used for
research are alwayr in a state of
development. The control system must be
flexible enough to cope with this ronstant
change. This means not only add.inqg rew
devices of a knnwn type, but also addinjg
previously unknoun device types. This
requitement has a large impact on the amount
and kind of flexibisity that is built into
the control system.

physics

An environmental requirement common to
many acceleratnr control systems is the need
to handle existing control systems in the
new control system plan. This requirement
arose at CERN with the SP5 and has now
arisen with LEP. It will certainly be a
concern at LAMPF. The options are

o To extend an
control RyRtem
robust enonugh;

alreaay existing
if the ociqginal is

o0 To pitovide communications between
the «ld and aew systemn with no
attempt at inteqration (the cuprent
LAMPF/FHP snlution):

o And to provide a mechanism (o allow
the long-term converqgepce of the

two contral  systemsn  (the  curpient
SPS/LEP approach [10]).
Standards and Integration
The previous geclinng dealt with
possible fomrensrn of requitements. These
tequitrement s munt he collacted, theijt

implieations dealt with, and their canflicts,
tesnlyed, bafore an 1ntregrated ronteral

fystem rnvitonment can be entablished and
the process of  continl  system  donigqn  can
begin, Stardards fo tontrol RysHtem

intetfares (hardwaie, noftware, and  human)
can he sgpecifind only After A conaigtoent et
9 contenl  Ryntem  tequitements han heen
rrtabliched,

buring the
tequirementn

tegquitemenis  tevierw, the
rshould he evaluated for theit

fearibility, thef: Impact on Ryntem
per formance, majintrnance, okt , anrd
tellabliadty; and  thefy contyihut fon to
Syntem aimplleary, modular vy, and

expandabil iy, Meetinaas  with interente:
usery are, of rautar, necensary, We suggest

assigning weights ta  various requirement
characteristics tn help in resolving
conflicts. We alsn suggest that an external
(at least to the rentrols group) review of
the requirements hbe made. The external
teviewers should ynclulde deragners and users
nf ather control cystems.

Once the overall requitements have been
[ormulated, the process of integration and
standardization can begin. A control system
design environment must be established and
ite wuse (initiated. Easy, standardized
mechanisms must bhe put in place to allow the
acquisition of desiqn information from
modeling software, from computer-aided
design (CAD) systems, from other databases,
and possibly fiom project management (e.g.,
PERT; systems. One must also decide who
will be permitted tn mndify the information
preserved in this envitonment.

Reyond the design
standards must then he  get
interfaces, networks, and qeneric operator
interface tonls. Ihe real test of
integrating closed-loop rcontrol, modeling,
and automatic sequencing and optimization
can then be addre:ssed.

environment,
for hardware

Enforcement of standards poses serious
administrative preoblems {in some cases, but
one person’s failure tn comply can  become
e eryone’s lonqg term prohlem. Perhaps the
wast effective apptoach 15 to work hard at
the beginning nf the project to convince all
parties of the value and importance of the
standardec. Collecting and making use of
suggestions from all interested partiss can
be very effective, Reviews or walkthroughs,
required as a reqular part of the desion and
implementation process, can also be useful.

Concluscion

Throughcut this, paper we have
emphasized the wide range nf information
that must be capt.-ed in A control system.
We have alro nored A need for a common
eavitonment in whirch  integration can  be
Aaceamplinhed, Th:~ information must be
rasily updated when new anformation  becomes
available, ard t1e storage mechanism must be
flexible enough ta r(epeesent, and allow
changes to interrelationships,  The controls
qroup  mukt  establish the environment  in
which this anformatyen can he  gatheged,
stored, andd tracked,

Withnut qoing Into detar]l, we rBuqggest
that an objerct onriented programming rystem
(oors) [11] prtovides *he necennaty mechanism
vty aceemplish  these qoals.  An 00PS allows
the generalization of an accelerator
databane, In an oobs implementation,
pecific devicen fnhet it characteriatics and
methods  (functions) aneociatel with qgqenerfc
(protoiypleal)  device:s, An aops alpo
providen mee hana nme. for rrtablinhing
telatifonphipn bhetwesn  vationn  plecey of
infarmation, thus for.vng a kpnowledge hap

A futther parvsitinlit, would bhe the une
of A expert nystem development tonl wuch an
the Knowledqge Enqineesting Knvironment  (KEE)
System {12] to support an object oriented
programming syntem, The FLE  syrten  alro
containe A rtamdardized graphics intetface
and an infetence engine tn allow mechanized
teasontng about  factea and relationshipr
contained an the knovledge bane . We belirve



this approazh offers {he necedeu control
system integration and tlexibility, and also
allows the later introduction of AI

techniques. We are currently investigating [6]
this possibiliiy.

We have purposely not dealt with
network design, operator interfrces, or
hardware interface standards in this paper.

We feel that such details should only be 171
resolved when the control system logical
structure and philosophy have been firmly
established. We emphasize again that the
controls team must be involved early in the
accelerator design process in order to
provide an integrated and flexible controls
product.
(8]
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